Two strains of Histoplasma capsulatum var. capsulatum were isolated in Japan: one from a Thai AIDS patient and the other from a Chinese non-immunocompromised patient. The phylogenetical relationship among the two isolates and reference strains of H. capsulatum from other geographical populations was investigated. Random amplified polymorphic DNA (RAPD) analysis of the two H. capsulatum strains showed that they had RAPD band patterns similar to those of the reference Thai isolates and North American strains, although the patterns differed slightly from those of the reference strains. Phylogeny of thirty geographically diverse H, capsulatum isolates representing the three varieties, var. capsulatum, var. duboisii and var. farciminosum were evaluated using nucleotide sequences of the internal transcribed spacer (ITS) region (ITS 1-5.8S rDNA -ITS2) . We found that the ITS region contained sufficient information to resolve the phylogenetic relationship among the fungal isolates. An unrooted dendrogram constructed from the ITS sequences showed that thirty strains of H. capsulatum could be classified into eight geographic clades; Asia type (i), South America types A (ii) and B (iii) , North American types 1 (iv) and 2 (v) , H. duboisii types A (vi) and B (vii) , and East Asia type (viii) . Based on the ITS region sequence analysis, the two strains isolated from the Thai and Chinese patients in Japan were found to be distinct from Asia type (i) in which eight Thai, one Chinese, one English and one Indonesian isolate were included. Some extent of DNA polymorphism was observed between the North America type 1 isolates and the Thai and Chinese strains isolated in Japan. We believe that the Thai and Chinese isolates were unique and propose a new Glade, East Asia type (viii) for the two strains. DNA sequence analysis of the ITS region provided useful information to understand the epidemiology and evolution of H, capsulatum.
Introduction
H. capsulatum is a cosmopolitan species, but in Asian countries, the fungus has been thought to have a limited regional distribution in India, Indonesia, Myanmar, the southern part of China, and Thailand 1 } . In Japan, it has arguably been believed that no infectious agents of histoplasmosis exist 2) . Twenty-eight cases of histoplasmosis have been reported in Japan 2), but most of them have been considered imported infections.
Using RAPD analysis, we recently showed that 13 strains of H. capsulatum from AIDS patients in Thailand were very homogeneous, but clearly different from those of the reference North America type 2 strain, IFM 461593. These studies prompted us to determine the genetic variation of H. capsulatum strains isolated from different geographical regions. Recently, two strains of H. capsulatum, one from a Thai AIDS patient (Thai JPN) and the other from Chinese patient (China JPN) living in Japan were isolated. RAPD analysis showed that these two strains were very similar to each other, but different from those of Thai and North American reference strains. It is of great interest to know where the infections occurred, in Thailand, China or Japan. In order to infer the origin of infection, the geographical structure of H. capsulatum has to be known. The internal transcribed spacers (ITS 1 and ITS2 ) and 5.85 rDNA region have been widely used because they are suitable for examining intraspecific polymorphisms in various fungal species4~ . In this report, the ITS region was used to examine the genetic diversity of H. capsulatum to assess the evolutionary relationships among its 30 strains from Argentina, Belgium, Brazil, Colombia, China, Indonesia, North and South Americas, Senegal, South Africa, Thailand, and the newly isolated two Japanese strains, Thai-JPN and China JPN. Phylogenetic relationships of the two isolates in Japan and strains of diverse geographical origin were examined. Such information enabled us to discuss possible places where the two patients might have acquired histoplasmosis.
Materials and Methods
Histoplasma capsulatum strains used in the present study:
The history of 30 strains of H. capsulatum var. capsulatum, H. capsulatum var. farciminosum and H. capsulatum var. duboisii is shown in Table 1 . H. capsulatum Thai JPN (IFM491O9) and China JPN (IFM47750) that were isolated from the liver of the AIDS patient (a 32 year old Thai female), and from the bone marrow of the 43 year old Chinese male ( a visiting university researcher staying in Japan) , respectively, were used. Thirty strains of H. capsulatum representing the three varieties taken from various geographic origins including the two strains from the two foreign patients in Japan and Blastomycetes dermatitidis and Paracoccidioides brasiliensis were used in this study (Table 1) . The PCR-based method was used for the species identification of H. capsulatum. We tested a specific primer pair for H. capsulatum, which was designed by our research group3~ to amplify a 373 by fragment. All reaction products were characterized by electrophoresis on 1.5% agarose gels in 1 X TBE buffer at 70 V for 100 min and then stained in 0.5 pg/ml of an ethidium bromide (KB) solution.
RAPD PCR analyses:
Three primers were used for the RAPD analysis:
Amplification reactions were performed in a volume of 25 a l of distilled water containing 2.5 /L l of primer (20 pM) , 2.5 l of genomic DNA (1 g/ml) and one PCR bead (ReadytoGoTM --PCR bead, Pharmacia Biotech, NJ, USA) . The PCR was performed by initially heating the samples at 94 ° C for 4 min; this was followed by 35 cycles of denaturation at 94 ° C for 2 min, annealing at 32 ° C for 2 min, extension at 72 ° C for 2 min, and the final extension at 72 ° C for 10 min in a thermoreactor.
Sequence determination and analyses of ITS regions:
The nucleotide primers, 5'-GGAAGTAAAAG-TCGTAACAAGG-3' (ITS5) and 5'-TCCTCCG-CTTATTGATATGC-3' (ITS4) 6) were used to amplify and sequence the ITS region. Amplification reactions were performed in 25 al of distilled water containing 2.51c1 of each primer (20 pM), 2.5 pl of genomic DNA (1 ug/ml) and one PCR bead (ReadytoGOTM --PCR bead) . The PCR reaction products were purified by a PCR product pre-sequencing kit (USB Corp., Ohio, USA) , and then sequenced directly using a Big Dye terminator reagent kit including Taq polymerase and the protocol recommended by the manufacturer (Model 310 automated DNA sequencer, PerkinElmer/Applied Biosystems, Japan) . DNA sequences were aligned with CLUSTAL W version 1.749 and then the alignment was manually adjusted. The neighbor joining (NJ) tree was constructed with CLUSTAL W version 1.74 using Kimura's two-parameter method 10) , including gaps. The confidence values of branches were determined by a bootstrap analysis" ) with 1,000 replicates.
Results

Identification
of H. capsulatum strains isolated from patients:
Species of two new strains of Histoplasma from AIDS patients in Japan were determined to be H. capsulatum on the bases of morphological observation and PCR methods. The two strains, Thai JPN (IFM 49109) and China JPN (IFM 47750) showed distinct tuberculate macroconidia, which is characteristic of H, capsulatum.
The H. capsulatum strain China JPN (IFM 47750) amplified a 373 by PCR band that was reported to be a band specific for the H. capsulatum species when the PCR primer pair of He-T-s and He-T-a is used. This PCR experimental result also confirmed the previous identification as H, capsulatum by the morphological characteristics. On the other hand, H. capsulatum Thai JPN amplified about a 400 by band. Except for Thai JPN, no length heterogeneity has been observed among over 30 strains of H, capsulatum tested. DNA sequence analysis revealed that the PCR product of Thai-JPN was 397 bp, which was 24 by longer than any other Histoplasma isolates. The base sequence similarity between Thai JPN (IFM 49109) and the IFM 46159-reference strain from North America was 98% (Fig. 1) . The length of heterogeneity was due to one insertion of 18 bases and two insertions of 3 bases (Fig. 1) . These data also supported our identification result that the strain belongs to H, capsulatum.
Comparison of RAPD patterns of two strains of H, capsulatum:
RAPD band patterns of the two new isolates, Thai JPN and China JPN, from the two patients in Japan were compared with those of the reference H. capsulatum strains ( HP3/Thai and HP 13/Thai ) from Thailand and the North American strain ( IFM 46159/NA2 ) using three oligo primers (Fig. 2) . In the isolates of Thai-JPN and China JPN, the presence of a few common bands observed in the three reference strains was confirmed with R-2 primer. However, there were deletions or new bands in the two strains, indicating that both of them are similar to the reference strains, but are not identical.
When R-1 primer was used, some amplified bands were shared among strains, but Thai JPN and China JPN produced some unique bands which were not observed in either the reference Thai or North America strains. The RAPD pattern of China JPN was very similar to that of the reference North America with R-3 primer, while, the RAPD patterns showed more similarity to those of Thai reference strains with R-3 primer. RAPD analysis showed that Thai JPN produced more DNA bands than China JPN, indicating a significant genomic difference.
Phylogenetic studies of H. capsulatum var. capsulatum, and H. capsulatum var. duboisii: Since our preliminary study suggested that the DNA polymorphism in the ITS region is sufficient to evaluate the difference of the two varieties, we analyzed the sequences of the ITS 1-5.85-ITS2 region. The aligned sequence results of the 30 strains of Histoplasma species are shown in Fig. 3 .
To allow the multiple alignments, gaps due to indels were visually corrected. The reliability of each branch was estimated from bootstrap values. The DNA sequences of the ITS region and 5.85 of three varieties, var. capsulatum, duboisii and farciminosum strains fall into eight major clades: Asia type, South America types A and B, North America types 1 and 2, H. duboisii types A and B, and East Asia type (Fig. 4) In the ITS 1 region sequence, H. capsulatum var. duboisii showed a characteristic sequence, and it was easily separable from H. capsulatum var. capsulatum using the sequence information shown in Fig. 3 . Two strains of H, capsulatum var. farciminosum were found in Asia type.
The two new isolates of Thai JPN and China-JPN in Japan are clearly separated from the Asia group (Thailand, China, and Indonesia) . Therefore, we proposed an East Asia type for these two strains as shown in Fig. 4 . All ITS region sequences were deposited to DDBJ with accession numbers and are shown in Table 1 .
Discussion
In our previous paper, we reported a pair of PCR primers which were capable of the species identification of H, capsulatum3). In this research, the PCR primer pair successfully amplified all of the 30 strains of H. capsulatum including three varieties: capsulatum, duboisii and farciminosum. Thus demonstrating the specificity of this PCR primer pair for the species identification of H. capsulatum, the primer pair was designed to amplify a 373-bp product, but surprisingly, a 397-bp fragment was amplified from the Thai JPN. This is the only exceptional strain which we had tested hitherto. No homologous sequences to the 397 or 373 by fragments were identified by the data base search 11' 12) The two fragments differed by eight base substitutions and three indels. As discussed in our previous paper3), the role of the 373 by band was not understood. Considering the fact that the fragment is amplified in all strains of H. capsulatum, it is probably to be indispensable to the fungus. Determination of adjacent sequences of the fragment may help us elucidate its function.
Molecular techniques such as restriction fragment length polymorphism (RFLP) , RAPD and others have provided powerful tools for the direct analysis of the genomes of many pathogens 13-15) . Spitzer et al.'s) divided clinical and soil isolates of This study also showed that information on the ITS sequence could be used to trace the locus of an infection. In terms of the cost and speed, the ITS region has an advantage over multiple protein-coding loci 17) .
On the bases of the ITS region sequences, two strains of H. capsulatum var. farciminosum (isolated from Egypt) were found to belong to the Asia type of H. capsulatum var. capsulatum. It has been generally accepted that this variety shows different clinical features such as its host specificity to horse. We are currently carrying out a detailed phylogenetic analysis of this variety using the ETS region sequence, and our preliminary results confirm the presence of eight major clades. Detailed results will be reported elsewhere.
Of the five Colombia strains, two were found to belong to South America type A, and the remaining three were classified as South America type B. According to the ITS phylogeny, two Colombia strains (H62 and H71) belong to the Asia Glade. The H. capsulatum population in South America was found to be genetically diverse. There is an increase in the number of reported cases of imported fungal infections due to Paracoccidioides brasiliensis and Penicillium marneffei in Japan, and this may be due to the increase in the number of AIDS patients and overseas travellers 2 ) . Although Thai JPN and China JPN were associated with the East Asia Glade according to the ITS sequence information, their ITS sequences are distinct from other members of the Asia Glade as shown in Fig. 4. Further . The remaining 6 cases had no history of overseas travel. Among these 6, at least two cases are believed to have been infected in Japan. There is still a controversy on whether or not H. capsulatum is present in Japan, further acquisition of more Japanese isolates is needed to answer to this controversy.
We recently determined the ITS sequence of more than 20 strains of P, marneffei and P. brasiliensis, and deposited the information in the DDBJ [accession numbers AB049129 AB49132, AB035710, AB038164, AB038165]. In contrast to H. capsulatum, neither P. marneffei nor P. brasiliensis showed extensive heterogeneity at the ITS region despite fungal strains which originated over a wide geographical range and from various mammalian hosts. The genetic homogeneity in the ITS region sequence of P. marneffei and P. brasiliensis could be attributable to their small populations, which may be due to the limited distributions of their specific carriers such as bamboo rats and armadillo for each fungus. In a small population, allele fixation by genetic drift proceeds quickly, and consequently little genetic diversity is observed. In H. capsulatum, on the other hand, In case of H. capsulatum, broader host range, wider geographical distribution, and larger population size could account for the greater genetic diversity18~ than those of P, marneffei and P, brasiliensis. Further studies on the population genetics and natural history of these fungi are necessary to explain the discrepancy in genetic diversity.
